Abstract. The employment of ceramic material simulation design methods can eliminate the disadvantage of traditional ceramic material developing methods of being time-consuming, laborious and high cost. Three simulation methods of artificial neural network, regression analysis and pattern recognition, and their application to ceramic material simulation design were presented in this paper. The problems existing in ceramic material simulation were proposed finally.
Introduction
Currently, the material design methods can be divided into analytic method and induction method, involving material composition, fabrication technology and the relationship between mechanical properties and service behavior. However, the involved theory is often not very clear, and it is difficult to set up an accurate mathematics model. Moreover, traditional "trial-error" methods have many disadvantages, not only being time-consuming and laborious but also costing too much, thus leading to unsatisfactory results. With the development of material and computer science, the higher requirement of the industry on ceramic materials, the computer aided design of ceramic materials is highly imperative. However, the data accumulated so far is too poor to carry out the quantitative design of ceramic material while the qualitative prediction and improvement are possible.
The mechanical properties of ceramic materials are affected by many factors, such as compositions, fabricating conditions (temperature, pressure etc.), equipments, and so on. These factors, forming complicated mathematical relationship, can be described by data. They not only determine the mechanical properties of the material but also influence the productivity, output, cost and energy consumption, thus determine its application. The data are commonly non-linear, and can not be handled using traditional methods, but methods such as artificial neural network, non-linear regression analysis and pattern recognition can be used to find the underlying laws. These methods in fact define the non-linear relations implicitly.
Artificial Neural Network
Artificial neural network (ANN) processes information by means of imitating human brain. From the systematic perspective, the ANN is a self-adaptive non-linear system, formed by extremely abundant and perfect combination of numerous neurons. Its fundamental processing unit is artificial neuron, which is the imitation and simplification of biological neuron.
Multi-layer Feedforward Neural Network and BP Algorithm. Multi-layer feedforward neural network consists of input layer, output layer and one or many hidden layers. The network working process is an information feedforward course, the output information is transferred forward from the input layer via the hidden layer units. BP (Back Propagation) algorithm, based on the feedforward neural network of multi-layer perceptron, is one of the ANN that is the most effective and widely used network. The BP network structure is simple and easy to be realized. During the practical application of ANN, 80%-90% of the neural network models have adopted BP network. Currently, Advances in Materials Manufacturing Science and Technology 402 they are mainly used in the areas such as pattern recognition and classification, function approximation, data compressing and predicting etc. Back propagation is a technique used for training neural networks. As the algorithm's name implies, the errors propagate backwards from the output nodes to the inner nodes.Using this information, the algorithm adjusts the weight of each connection in order to reduce the value of the error-function. After a large number of training cycles the network will usually converge to some state where the error of the calculations is smallest. In this case the network has learned a certain target function. To adjust weights properly one applies a general method for nonlinear optimization task that is called gradient descent.
BP consists of several layers of neutral networks, including input layer, output layer and hidden layers. The hidden layer unit consists of one or more layers, and the more layers it has, the higher precision the network will have, and the lower the operation speed will be. Therefore, taking both precision and speed into consideration, the number of hidden layers must be selected according to different requirements. Usually, one hidden layer is enough for classifying, mapping and distinguishing. The number of each layer neuron is determined by practical requirements. Namely, the number of neurons of input layer is equal to the number of parameter of input, and the number of output neuron is equal to the number of output parameter. The number of hidden layer neurons is closely related with the precision. Theoretically, the more of hidden layers, the less of systematic errors. At present, calculating the number of layer neurons still depend on experience and trial calculation because of the lack of correlative theory.
Applications of ANN to Material Design. ANN is frequently used in ceramic material design and mechanical performance prediction. Numerous researches in this area were carried out and satisfactory results were obtained. Designing the composite ceramic material mainly includes determining the basic chemical compositions and the fabrication technology. H. S. Rao et al [1] used 4-layer ANN of the structure 5× 25× 25× 2 to predict SiC/SiC CMC ceramic property and got the satisfactory results. N. Fan [2] used ANN to predict the compositions of composite ceramic material, developed the composite tool materials of Al 2 O 3 /TiN system, compared the result of ANN with that of the regression analysis, and found that the ANN prediction result was better than that of the regression analysis. L. Zhang [3] utilized ANN to establish the model for the non-linear mapping relationship between the mechanical properties of composite ceramic material and its compositions, and developed ceramic material simulation design software system based on toolbox in MATLAB. J. Q. Yan [4] studied ZrO 2 -SiC material prediction model of SiC transforming amount based on ANN. His model has achieved good prediction result and ANN is effective in the quantitative prediction of the mechanical properties.
Regression Analysis
Application of Regression Analysis to Ceramic Material Design. Regression Analysis is a mathematic method building a relationship hidden in many variables by test and observation. It is an important branch of mathematic statistics being applied in the fields such as empiric formula establishment, product quality control, weather forecasting and diseases prediction etc.. Regression analysis is a kind of commonly used experiment data processing method. It can be divided into linear and non-linear regression. Composite ceramic material is composed of multi-phases. The compositions, mechanical properties are different, and therefore there is greater error when processed by linear theory and multi-element non-linear stepwise regression method is used more commonly.
By stepwise regression analysis, C. H. Xu [5] has got the regression curve of fracture toughness, flexural strength and Vicker hardness of Al 2 O 3 /SiC/(W, Ti)C. For the prediction of composite ceramic material, regression analysis and ANN were used by N. Fan [6] 
Pattern Recognition
Pattern Recognition Method. Pattern recognition method is one of the data acquisition methods. The statistic pattern recognition is in common use, in which every sample is expressed as a spatial dot. The following are commonly used methods. Principal Component Analysis (PCA) is an important mathematics tool of MSPC (Multi Statistics Processing Control) method, with main functions of statistic compression for multi-dimensional information by the linear relevant relationship among variables. A majority of multi-dimensional dynamic information can be described as a few independent principal component variables [9] .
Partial Least Squares(PLS): Based on the idea of PCA, PLS regression [10] seeks for the linear function of original independent variables (ｘ 1 ,ｘ 2 , …, ｘ p ) and at the same time takes their relativity with dependent variables in parallel into consideration. As the result, new independent variables, in which there exist strong relativity with dependent variables while the linear function of (ｘ 1 ,ｘ 2 , …, ｘ p ) can be easily calculated, are selected.
Pattern Recognition has been applied to many fields as well as ceramic materials. It was used by D. Qian [11] for optimizing and predicting the fabrication parameters of Al 2 O 3 -TiC-ZrO 2 nano-composite. The experimental values are well agreement with the predicted ones. It has also been used to optimize the fabrication technology of ceramics Al 2 O 3 /Ti [12] .
Problems Existing in Ceramic Material Simulation
Ceramic material design simulation is one of the important research fields. Many scholars have been working in this area and have gained great achievement. Still there is a distance between simulation and application because the factors influencing the mechanical properties of ceramic material are in large numbers. The following are the existing problems.
Practicability. There are many factors that influence ceramic material performance, involving not only the composition and granularity of materials but also the processing, producing conditions and equipments. Only several factors of them can be simulated at present. Thus the error is great and the majority of them can not be applied in practice. Taking more practical factors into consideration and approaching the actual facts to guide the application are the goal of the simulation.
Simulation Precision. It can be found that some simulation results are in well agreement with the experimental results while there exists great error in others. Only when the error is confined in a certain range, the simulating result is valuable.
Data. A large amount of systematic data is the key for ceramic design simulation. Lacking test data or test data being discrete restricts the precision improvement. How to make use of limited data and guarantee the precision is a very important problem.
Simulation Speed. Modifying algorithm so as to improve efficiency is also an important research area. For example, with regard to learning time of BP algorithm, different improved algorithms are proposed to shorten the operation time and increase the simulation efficiency.
Extrapolation of Simulation Results. Extrapolating simulation results in most cases is unsatisfactory, and to improve this ability is very important in that the higher the extrapolation is, the more application areas it has. The simulation can be carried on beyond test result, which will make the simulation more practically meaningful.
Conclusions
The present paper discusses the most commonly used simulation methods of ceramic material, analyzes the principles, characteristics and applications of neural networks, regression analysis and pattern recognition, and expounds the application of the three methods to the ceramic material simulation. With the development of the simulation methods, new methods will come to the stage, which in turn will promote the ceramic material simulation design.
